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(sJ) Cells re-use partition In a mobile communication system. 

(57) A re-use partition of cells in a mobile com- 
munication system has an outer cell (30) and an 
inner cell (20) which is provided in said outer 
cell (30). Interval of cells using the same chan- 
nel or the same frequency in inner cells is 
shorter than interval in outer cells, as nature of 
re-use partition. Communication between a 
base station and a mobile station is carried out 
by using a channel of higher received level of an 
outer cell channel or an inner cell channel. A 
base station has a first beam tilt antenna having 
tilt angle (6 out ) for an outer cell (30), and a 
second beam tilt antenna having tilt angle (6^) 
so that e h is larger than 6 out . A speech channel 
and a control channel are provided for each of 
said first antenna and said second antenna. _ 
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The present invention relates to a mobile commu- 
nication system, in particular, relates to structure of 
cells Jn such communication system. 

Fig.1 shows cells in a mobile communication sys- 
tem, in which the same channels are re-used with 
some spacing. The thick line in Fig.1 shows a unit of 
a cluster. Each hexagon shows a cell, and a numeral 
in a cell shows a channel. The same numerals show 
the same channels which use the same frequency. 
The same channel or the same frequency is re-used 
in a cell in another cluster. The structure of a cell may 
be either an omni-cell as shown in Fig.2A in which a 
base station having a non-directional antenna is lo- 
cated around center of a cell, or a sector cell as shown 
in Fig.2B in which a directional antenna divides an 
area into a plurality of sectored cells each of which is 
assigned a specific channel or frequency. 

A re-use partition considers a virtual small cell, 
which uses the same frequency with the shorter 
spacing than that of cells. The re-use technique in- 
creases the spectrum efficiency in a mobile commu- 
nication system. 

An idea of re-use partition is described in accor- 
dance with Fig. 3. Fig. 3A shows an example of the use 
of the same frequency. A circled line shows a cell, a 
symbol (+) shows a base station around center of a 
cell, a figure (1 ,2,3) shows a channel number, and d 
shows the spacing of the use of the same frequency. 
The same figure (1,2 or 3) shows the same channel 
or the same frequency. In the example of Fig.3A, the 
spacing of the same channels is three cells (d=3). 

Fig.3B and Fig.3C show a typical re-use partition. 
Fig.3B shows the spacing of outer cells, and Fig.3C 
shows the spacing of inner cells, when virtual cells 
are introduced to the cell layout in Fig.3A. As shown 
in Fig.3B, the spacing of outer cells is three cells (d=3) 
which is the same as that of Fig.3A, on the other 
hand, the spacing of inner cells is two cells (d=2) in 
the example of Fig.3C. Since the spacing or the spec- 
trum efficiency of inner cells is improved by re-use 
partition, the total efficiency of the use of frequencies 
is improved. The spacing or the efficiency of inner 
cells is improved by improving a cell selection accu- 
racy to determine which cell (outer cell or inner ceil) 
a mobile station locates. 

In a prior re-use partition system, a control chan- 
nel for mobile communication for connection et al is 
common to both an outer cell and an inner cell. In 
other words, both an outer cell and an inner cell are 
handled as a single control cell. As shown in Fig.4, a 
control channel for access is used commonly to outer 
cells and inner cells, and a speech channel has a spe- 
cif ic transmiterfor each outer cell and each inner cell. 

In Fig.4, an antenna is used commonly in outer 
channels, and inner channels. A plurality of tranceiv- 
ers (TRXouO for outer cells, and a plurality of tranceiv- 
ers (TRX| n ) for inner cells, and a single common con- 
troller channel tranceiver(TRX) are coupled with said 



antenna through an antenna multiplexer. Those 
tranceivers are coupled with the base station control, 
and the communication channels (external chan- 
nels). 

5 Accordingly, a prior re-use partition system in a 

mobile communication system has the disadvantag- 
es as follows. 

First, a mobile station must be located to deter- 
mine whether it is either in an inner cell or an outer 

10 cell in every access and during speech. If the decision 
is effected based upon received level at a base sta- 
tion, operational load of a base station increases 
since the decision must be effected in a short time in 
connection time, and/or said decision must be always 

15 carried out during speech. 

Further, if the decision is carried out merely 
whether received level exceeds a predetermined 
threshold level or not, the decision would not be ac- 
curate due to fading which is specific to mobile com- 

20 munication. In that case, it would be determined in- 
correctly as if a mobile station located in an inner cell 
merely because received level is high, while the mo- 
bile station located in an outer cell, and would in- 
crease undesirable interference. 

25 It is an object therefore, of the present invention 

to overcome the disadvantages and limitations of a 
prior mobile communication system by providing a 
novel and improved mobile communication system. 
It is also an object of the present invention to pro- 

30 vide a mobile communication system which reduces 
operation load of a base station, and improves effect 
of re-use partition of cells. 

The above and other objects are attained by a 
mobile communication system having; a plurality of 

35 radio cells for service area so that each cell is as- 
signed respective channel, and the same channel is 
used in two cells at least which are apart from each 
other by more than a predetermined distance com- 
prising; a first small cell being provided in a radio cell 

40 by a first antenna provided in a base station, and a 
second small cell which is smaller than said first small 
cell being provided in said first small cell by a second 
antenna provided in said base station, cell interval 
that the same channel is used in the second small 

45 cells is smaller than cell interval that the same chan- 
nel is used in the first small cells, each small ceil hav- 
ing a respective channel, a control channel covering 
a first small cell and a second small cell, communica- 
tion between a mobile station and a base station be- 
so ing effected through a channel having higher re- 
ceived level in a first channel and a second channel 
of at least one of a speech channel and a control chan- 
nel. 

The foregoing and other objects, features, and at- 
55 tendant advantages of the present invention will be 
appreciated as the same become better understood 
by means of the following description and accompa- 
nying drawings wherein; 
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Fig.1 shows structure of small cells, 
Fig.2 shows an omni-cell and a sector cell, 
Fig. 3 shows an explanatory drawing of a re-use 
partition, 

Fig.4 is a block diagram of a base station in a prior 
art, 

Fig. 5 shows a first embodiment according to the 
present invention, 

Fig. 6 shows a second embodiment according to 
the present invention, 

Fig. 7 shows a base station of a third embodiment 
according to the present invention, 
Fig. 8 shows a cell of a fourth embodiment ac- 
cording to the present invention, 
Fig. 9 shows a celt of a fifth embodiment accord- 
ing to the present invention, 
Fig. 10 shows a cell of a sixth embodiment ac- 
cording to the present invention, 
Fig. 11 shows a system configuration of another 
embodiment according to the present invention, 
Fig. 12 shows a system configuration of still an- 
other embodiment according to the present in- 
vention, 

Fig. 13 shows a system configuration of still an- 
other embodiment according to the present in- 
vention, 

Fig. 14 shows still another embodiment according 
to the present invention. 
Fig. 15 shows a base station of still another em- 
bodiment according to the present invention, 
Fig. 16 shows still another embodiment according 
to the present invention, 
Fig. 17 shows a control flow in still another em- 
bodiment according to the present invention, 
Fig. 18 shows a control flow in still another em- 
bodiment according to the present invention, 
Fig. 19 shows a base station which simplifies an 
antenna structure, and 

Fig. 20 shows a base station which provides each 

small cells independently. 

Fig.SA shows a block diagram of a base station 
according to the present invention, in which it is as- 
sumed that a base station has two antennas having 
the directivities 0 {n and 9 out in vertical plane so that 
two different cells are obtained. Those cells are refer- 
red as an inner cell and an outer cell. And, the respec- 
tive base stations are called as an inner base station, 
and an outer base station. 

In Fig.5A, an inner base station relating to the in- 
ner cell has a plurality of tranceivers (TRX^ n ) and a 
control channel tranceiver (TRX) coupled with the in- 
ner antenna through the antenna multiplexer. An out- 
er base station relating to the outer cell has also a 
plurality of tranceivers (TRXout) and a control channel 
tranceiver (TRX) coupled with the outer antenna 
through the antenna multiplexer. Those base stations 
are coupled with the common base station controller, 
and the external communication channels. 



First, the structure of the cells is described in ac- 
cordance with Fig.5B, in which the numeral 10i and 
10 2 are an antenna, 20 is an inner cell, and 30 is an 
outer cell. 

5 As shown in Fig.5B, the tilt angle of the antenna 

of the inner cell base station is dm, and the tilt angle 
of the antenna of the outer base station is 9 0Ut . 

Fig.SC shows an example of received level when 
9| n is satisfied, where it is assumed that two antennas 

10 for an inner cell and an outer cell have the same di- 
rectivity (gain), the same antenna height, the same 
feeder loss, and the same transmit power as each 
other. 

It should be appreciated in Fig.SC that when the 

is distance between a base station and a mobile station 
is small, the received level for the antenna with larger 
tilt angle is higher than that of the other antenna, and 
that when the distance between a base station and a 
mobile station is large, the received level for the an- 

20 tenna with larger tilt angle is lower than that of the 
other antenna. 

An antenna with large tilt angle provides high re- 
ceived level near a base station, since large tilt angle 
antenna concentrates radiation power near the base 

25 station, as shown in Fig.SB. 

Therefore, it should be noted that two cells (an in- 
ner cell and an outer cell) which can be separated 
based upon received level are essentially provided 
according to tile angle of an antenna. 

30 Fig.5D shows a received level of an inner cell 

(curve A) and an outer cell (curve B). It should be not- 
ed that the border of an inner cell and an outer cell is 
clear, and a mobile station can select an inner cell or 
an outer cell accurately. Therefore, the spectrum ef- 

35 f iciency is improved. 

Fig.6A shows a block diagram of a base station 
of the second embodiment according to the present 
invention. The feature of that embodiment is that a di- 
rectivity G !n or is obtained by tilting an antenna. 

40 An antenna with the tilt angle 9i n is used for the direc- 
tivity G jn , and an antenna with the tilt angle 9 0Ut is used 
for the directivity G out . 

Fig.6B shows mechanical embodiment for provid- 
ing a tilt antenna. Af irst antenna 10i has the same di- 

45 rectivity in vertical plane as that of a second antenna 
10 2 , and the first antenna is fixed so that the main 
beam is directed to the direction 9^, and the second 
antenna is fixed so that the main beam is directed to 
the direction 9 in . 

so Fig.6C shows electrical embodiment of a tilt an- 

tenna, which is a phased-array antenna, and has a 
plurality of antenna elements (a), (b), (c), together 
with related phase shifters (P a , P DI P c ) and a power 
divider H. The phase shifters are adjusted so that the 

55 main beam of the antenna is directed to the angle 9^ 
or 9| n . The phase shift in each phase shifter is accom- 
plished in conventional manner, for instance, by de- 
signing the length of a feeder cable, or by using a spe- 
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crfic phase shifter. 

When the tilt angle 9 tn of the second antenna is 
large, the received level outside of an area is de- 
creased considerably, therefore, the interval of the 
use of the same frequency may be shortened while 
keeping the area of a second small cell constant. For 
instance, while the interval of the reuse of the same 
frequency in a prior art is two cells, the interval of the 
present invention may be one cell. That means that 
the same frequency may be used in an adjacent small 
cell. 

Fig.7A shows a block diagram of a base station 
of third embodiment The feature of this embodiment 
as compared with that of Fig.5A is that a power con- 
troller is, for example, provided between an antenna 
and an antenna multiplexer for each of a first base 
station and a second base station so that transmit 
power of a control channel and a speech channel are 
controllable. The adjustment of transmit power is ef- 
fected either for each transmitter, or for all the trans- 
mitters of all the speech channels and the control 
channel. Fig.7A shows the embodiment that the 
transmit power of all the transmitters is adjusted atthe 
same time. 

When the border of a first small cell and a second 
small cell is unclear as shown in Fig.7B(a) in which 
the received level of a first antenna is close to that of 
a second antenna around the border, the transmit 
power of the second antenna is adjusted so that it is 
higher than that of the first antenna. Then, the re- 
ceived level of the first antenna is clearly distinguish- 
ed from that of the second antenna, as shown in 
Fig.7B(b). 

Thus, it should be noted that the adjustment of 
transmit power clarifies the difference of the received 
level of the first antenna from that of the second an- 
tenna around the border. Therefore, the selection of 
a cell is carried out accurately, and the frequency may 
be used effectively. 

Of course, it should be appreciated that the idea 
of Fig. 7 may be used in the embodiment of Fig.6. 

Fig. 8 shows a structure of small cells, in which 
the horizontal directivity of a first small cell and a sec- 
ond small cell is provided by using a non-directional 
(in horizontal plane) antenna, or an omni-antenna. A 
second small cell overlays with a first small cell, and 
is provided within the first small cell. 

Fig. 9 shows another structure of small cells, in 
which both a first antenna and a second antenna are 
directional antennas in horizontal plane. Fig.9 shows 
the embodiment that both antennas are sector anten- 
nas of 120°. A second small cell may overlay with a 
first small cell, and is provided within the first small 
cell. 

Fig. 1 0 shows still another structure of small cells, 
in which a first small cell is provided by a directional 
antenna (for instance a sector antenna), and a second 
small cell is provided by a non-directional antenna 



(omni-antenna). A second small cell may overlay with 
a first small cell, and is provided within the first small 
cell. As a second small cell is smaller than a first small 
cell, when a second small cell is provided by a non- 

5 directional antenna, the number of hand-over of cells 
in a mobile station may be small because the crossing 
rate among the sectored cells is reduced when a mo- 
bile station moves around a base station. 

Fig.11 shows a modification of the present inven- 

10 tion. The feature of Fig. 11 is thatthe selection of small 
ceils is carried out in a mobile station by comparing 
two received levels of two speech channels or control 
channels. So, a mobile station has a comparator, 
which compares a first received level of first frequen- 
ts cy fi and a second received level of second frequency 
f 2 so that the small cell which provides higher re- 
ceived level is selected. 

Fig.12 shows another modification of the present 
invention. The feature of Fig.12 is that the selection 

20 of small cells is carried out in a base station by com- 
paring received level of control channel or speech 
channel. A mobile station transmits a single frequency 
f 1f and a base station receives by using two antennas, 
a first antenna relating to a first small cell, and a sec- 

25 ond antenna relating to a second small cell. A compar- 
ator in a controller in a base station compares those 
two receive levels, and takes the higher received level 
so that the small cell which provides the higher re- 
ceived level is selected. The embodiment of Fig.12 is 

30 advantageous in that a control channel may be com- 
mon to both a first small cell and a second small cell, 
and therefore, the spectrum efficiency for a control 
channel is improved. 

Fig. 13 shows still another modification of the 

35 present invention. The feature of Fig.1 3 is thatthe se- 
lection of small cells is carried out by a mobile station 
by comparing two received levels of control channels 
of the frequencies U and f 2 . A mobile station has a 
comparator for that purpose. 

40 Fig.14A shows still another modification of the 

present invention. The feature of this embodiment is 
that the selection of small cells is carried out by a 
base station which compares received levels of con- 
trol channels. A mobile station transmits a single fre- 

45 quency f t as a control channel, which is received by 
using two antennas in a base station. The received 
level by a first antenna and the receive level by a sec- 
ond antenna are compared in a comparator in a con- 
troller of a base station, and the higher received level 

so relating to a preferable small cell is selected. 

Fig.14B is the modification of a base station of 
this embodiment, and has the feature that a base sta- 
tion has a common control channel transmitter which 
is provided for a first antenna to cover all the small 

55 celts, and a plurality of control channel receivers for 
each small cells. 

Fig.14C is another modification of a base station, 
and has the feature that a transmitter (TX) for a con- 
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trol channel is provided, and a receiver (RX (n , RXouO 
for a control channel is provided for each of a first an- 
tenna and a second antenna. As a control channel is 
common to a first small cell and a second small cell, 
the spectrum efficiency of a control channel is im- 
proved in this embodiment. 

Fig. 15 shows a base station of still another em- 
bodiment according to the present invention, and has 
the feature that a base station has a pair of additional 
receivers SRX| n and SRXout. The former receiver 
measures the received level of a speech channel in 
an outer small cell, and the latter receiver measures 
the received level of a speech channel in an inner 
small cell. The controller of a base station compares 
the received level of the current small cell with the re- 
ceived level measured by said SRX to determine the 
location of a mobile station. For instance, if the SRX 
level by a second antenna is higher than a received 
level by a first antenna for a speech channel, the base 
station determines that the mobile station moves 
from a first small cell to a second small cell, and that 
hands over from a first small cell to a second small 
cell. 

Figs.16A f 16B and 16C show still another em- 
bodiment of the present invention, and have the fea- 
ture that a third small cell relating to a third antenna 
is provided within a second small cell. As the third 
small celt may use the same frequency with the inter- 
val shorter than that of a second small ceil, the spec- 
trum efficiency is further improved. 

Fig. 17 is an operational flow chart of still another 
embodiment according to the present invention. The 
feature of Fig. 17 is that a mobile station staying in a 
second small cell uses a channel which is assigned to 
a first small cell, when all the channels assigned to a 
second small cell are full. It should be noted that this 
is no problem in interference, and it can solve the 
problem of a short time busy condition. 

Fig. 18 shows the modification of the embodi- 
ment of Fig. 17, and the feature of Fig. 18 is that when 
a mobile station staying in a second small cell uses a 
channel assigned to a first small cell according to the 
embodiment of Fig. 17, and a channel in a second 
small station becomes available, the mobile station is 
handed over from the first small cell channel to the 
second small cell channel. This provides the desir- 
able interval of the use of the same frequency as ex- 
pected to second small cells. The combination of the 
channel switching by hand-over, and the busy control 
in the present embodiment provides not only the im- 
provement of re-use partition on spatial domain, but 
also the improvement of re-use partition on time do- 
main. 

Fig. 19 shows a block diagram of a base station of 
still another embodiment, and has the feature that a 
single antenna is used commonly to both a first an- 
tenna and a second antenna by coupling the single 
antenna with two tranceivers for a first small cell and 



a second small cell. 

Fig.20 shows a block diagram of a base station of 
still another embodiment of the present invention, 
and has the feature that a control in a base station is 

5 provided for each small cells. In this case, each small 
cell base station located on the same location func- 
tions as an independent base station. 

As mentioned above in detail, according to the 
present invention, a base station includes a plurality 

10 of small base stations each having a specific antenna 
tilt angle and/or specific transmit power, providing a 
specific small cell. Thus, an inner cell is provided in- 
dependently from an outer cell so that the spectrum 
efficiency in an inner cell is higher than that of an out- 

15 er cell. The present invention can locate a mobile sta- 
tion more accurately in an outer cell or an inner cell 
as compared with a prior art which locates a mobile 
station merely according to receive level with no tilted 
antenna. 

20 From the foregoing it will now be apparent that a 

new and improved mobile communication system has 
been found. It should be understood of course that 
the embodiments disclosed are merely illustrative 
and are not intended to limit the scope of the inven- 
ts tion. Reference should be made to the appended 
claims, therefore, for indicating the scope of the in- 
vention rather than the specification. 



30 Claims 

1. A mobile communication system having a plural- 
ity of radio cells for a service area, each cell being 
assigned a respective channel, and the same 

35 channel being used in a plurality of cells which are 

spaced apart from each other by more than a pre- 
determined spacing comprising a first small cell 
provided in a radio cell by a first antenna provided 
in a base station, and a second small cell, which 

40 is smaller than said first small cell, provided in 

said first small cell by a second antenna provided 
in said base station, a cell interval such that the 
same channel used in the second cell has a cell 
interval smaller than a cell interval of that same 

45 channel used in the first small cell, wherein each 

small cell has a respective channel; a control 
channel covering each small cell, and wherein 
communication between a mobile station and a 
base station is effected through a channel having 

so a higher received level in a first channel and a 

second channel than at least one of a communi- 
cation channel and a control channel. 

2. A mobile communication system according to 
55 claim 1, wherein each of said first antenna and 

said second antenna is a beam tilt antenna hav- 
ing a respective beam tilt angle. 
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3. A mobile communication system according to 
claim 1 or claim 2, wherein effective input power 
to an antenna depends upon each antenna for 
each small ceil. 

4. A mobile communication system according to any 
preceding claim, wherein said first small cell and 
said second small cell are in omni-structure. 

5. A mobile communication system according to any 
of claims 1 to 3, wherein said first small cell and 
said second small cell are in sector structure. 



10 



nel in a first small cell is assigned to a mobile sta- 
tion which stays in a second small cell. 

14. A mobile communication system according to 
claim 13, wherein a mobile station which stays in 
a second small cell, and is assigned a speech 
channel of a first small cell, hands over a speech 
channel to that of a second small cell, when a 
channel in a second small cell becomes avail- 
able. 



6. A mobile communication system according to any 
of claims 1-3, wherein said first small cell is in 
sector structure, and said second small cell is in 
omni-structure. 



15 



7. A mobile communication system according to any 
preceding claim, wherein comparison of received 
levels of two channels relating to each small cell 
and selection of small cells are carried out in a 
mobile station. 



20 



8. A mobile communication system according to 25 
claim 7, wherein selection of small celts is effect- 
ed based upon received level of a control channel 
provided for each small cell. 

9. Amobile communication system according to any 30 
of claims 1 to 6, wherein comparison of received 
levels of two channels relating to each small cell 

and selection of small cells are carried out in a 
base station. 

35 

10. A mobile communication system according to 
claim 9, wherein selection of small cells is effect- 
ed in a base station based upon received level of 
a control channel which is common to each small 

cell. 40 



11. A mobile communication system according to 
claim 9, wherein selection of small cells is effect- 
ed in a base station upon received level of a 
speech channel. 

1 2. A mobile communication system according to any 
preceding claim, wherein a third antenna pro- 
vides a third small cell within said second small 
cell, a third speech channel and a third control 
channel are provided, and communication is car- 
ried out by using the highest receive level of three 
channels. 



45 



50 



13. Amobile communication system according to any 
preceding claim, wherein when all the channels 
in a second small cell are full and some of the 
channels in a first small ceil are available, a chan- 
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Fig. 2 

PRIOR ART 
(a) (b) 




OMNI— CELL SECTORED-CELL 



7 



EP 0 531 090 A2 

Fig. 3 

PRIOR ART 

(a) 




CHANNEL 12 3 1 

NO. 



(b) REPETITION OF LARGER CELLS 




(c) REPETITION OF SMALLER CELLS 




8 



EP 0 531 090 A2 




Fig. 4 
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Fig. 5 A 
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Fig. 6 A 
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Fig. 6B 
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Fig. 7 A 
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Fig. 14B 
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Fig. 19 



SECOND ANTENNA 
DIRECTIVITY G* 



TILT ANGLE 

0 tn 



I 



ANTENNA 
MULTIPLEXER 



OLD - 

S=i x 
ox 

OO I — 



X 

en 



I I 



X 

cn 



FIRST ANTENNA 
DIRECTIVITY Gout 



TILT ANGLE 

flout 



ANTENNA 
MULTIPLEXER 



OO I — 



o 

X 



I I 



x 



I 



BASE STATION CONTROLLER 



COMMUNICATION CHANNEL 



30 



r' 



EP 0 531 090 A2 



Fig. 20 



SECOND ANTENNA 
r- DIRECTIVITY G*™, 




i 



ANTENNA 
MULTIPLEXER 











OLU «= 








ix 


o: 


roc 


oo. 








BASE STATION 
CONTROLLER 



COMMUNICATION CHANNEL 



FIRST ANTENNA 
r -DIRECTIVITY Gout n 




ANTENNA 
MULTIPLEXER 



old 3 
of z ° 

oo •_ 



I 



X 



o 

x 



I 



BASE STATION 
CONTROLLER 



I 

COMMUNICATION CHANNEL 



31 



